ABSTRACT. The presence of 11 virulence-associated genes in Campylobacter jejuni isolated from chickens at different stages of their development was examined by PCR. Multiple groups of C. jejuni were colonized in one chicken at the same time. Two hundred thirty one C. jejuni in total were isolated from the same group at four different ages and 12 groups of C. jejuni possessing of 11 virilence-associated genes were observed. Eleven, eight, five and three groups of C. jejuni were detected at 21, 28, 42 and 56 days after hatching, respectively. The variation of Campylobacter groups was reduced as the chicken developed and one group of C. jejuni became predominant.
Factors involved in survival and resistance to physiological stress encountered in food and water are important for successful transmission and infection of C. jejuni [6] . The pathophysiology of diarrheal disease caused by C. jejuni is poorly defined [1, 21, 22] . Studies of Campylobacter enteritis in sporadic cases and outbreaks indicate that milk, water and poultry meat are major environmental sources [20] . C. jejuni is apparently commensal in the gastrointestinal tract of many domestic and wild animals, especially birds [3] .
The route by which growing broiler chickens acquire C. jejuni is unclear [13] . Suggestions have included contaminated drinking water [19] , broiler chicken house environment [16] and other sources including farm workers` boots, wild animals, flies and cattle [9] . Considerable evidence indicates that poultry is the most probable vehicle of transmission of C. jejuni involved in human illness [15] .
Once established, Campylobacter usually enters into a nonpathogenic, commensal relation in the gastrointestinal tracts of chickens [10] . A major human risk factor for the acquisition of Campylobacter infection is thought to be the handling or consumption of contaminated poultry meat [11] . Investigations of the epidemiology of human infection by this bacterium have been complicated by a number of factors, including its high genetic diversity and antigenic diversity [2] .
In our previous study [7] we tested for the presence of 11 virulence-associated genes responsible for adherence, invasion, colonization and cytotoxin production in 111 C. jejuni isolated from human clinical samples, poultry meat, broiler feces and bovine feces. For most of the virulence-associated genes, no difference in their presence in C. jejuni was found depending on the source. The aim of this study on C. jejuni was to investigate the relationship between presence of the 11 virulence-associated genes and colonization in chicken intestine depending on age.
Two hundred twelve chickens in total from the same group containing about 3000 chickens in one farm were used from 21 to 56 days after hatching. Fecal samples were collected from the cloaca of chickens from five houses of the same group by sterile swabs.
Cloacal swabs were cultured using Preston Campylobacter selective enrichment broth (Nutrient broth No.2 supplemented with Preston Campylobacter selective supplement, Oxoid, UK) which was supplemented with 5% (v/v) horse whole blood for 24 hr at 42C in an atmosphere of 5% O 2 , 10% CO 2 and 85% N 2 using an anaerobic jar.
Then one loopful of the culture was streaked onto a Campylobacter blood-free selective agar base (Modified CCDA-Preston, Oxoid, UK) and incubated for 48 hr in the same conditions. Typical Campylobacter colonies were subcultured, and tested for Gram-staining, production of oxidase, catalase, hippurate hydrolysis and LiPA PCR [18] to determine the species. If 2 or more different colony morphologies appeared on the CCDA selection agars, representative colonies were tested.
All Campylobacter strains were frozen at -80C in brain heart infusion (Difco, U.S.A.) with 10% dimethyl-sulfoxide (DMSO, Sigma, U.S.A.). The isolates were subcultured two times before and after freezing on Müller-Hinton (MH) agar (Oxoid, UK) at 42C under microaerobic conditions (N 2 , 85%; O 2 , 5%; CO 2 , 10%).
Template DNAs for PCR were extracted by the conventional boiling method. Fresh cultures of C. jejuni were suspended in 300 l of TE buffer, and the suspensions were boiled at 95C for 10 min. After centrifugation at 15,000 rpm for 2 min, the supernatants were stored at -20C and used as template DNA.
Three sets of primers, cadF [14] , cdtA [8] , and wlaN [17] , were used for reference. Eight other sets of primers were used based on our previous study [7] . All PCR amplifications were performed in a mixture (30 l) consisting of 3 l of 10X Ex Taq buffer, 0.6 U of Ex Taq (Takara, Japan), 250 M dNTP (Takara), 0.6 l of a solution of extracted template DNA and 6 pmol of a pair of primers. The cycling temperature and electrophoresis were based on our previous study [7] . Two hundred thirty one C. jejuni in total were isolated and the detection rate of C. jejuni was 98.14%, 96.30%, 100% and 100% of samples isolated at 21, 28, 42 and 56 days after hatching of the chickens, respectively. Fifty eight isolates from 54 chickens and 53 isolates from 54 chickens were picked up at days 21 and 28 after hatching. Sixty two isolates from 53 chickens were collected at 42 days of age. One of the 62 isolates was found to be C. coli. This strains was hippurate hydrolysis negative and also confirmed using LiPA PCR.
Out of 62 isolates collected from 51 chickens at 56 days after hatching, 59 strains were C. jejuni and only three were C. coli. Among the total numbers, 98.3% (231/235 strains) were C. jejuni and only 1.7% (4 /235 strains ) were C. coli.
Five out of 11 virulence-associated genes, flaA, cadF, cdtA, cdtB and cdtC, were detected among all strains, and the detection rates of three genes, pldA, wlaN and virB11, varied by sampling age.
Positive rates of three other genes, dnaJ, ciaB and racR, were more than 98% in total (Table 1) .
C. jejuni strains were divided into 12 groups on the basis of the presence or absence of virulence-associated genes ( Table 2) . Samples from chickens of four different ages showed a strong presence of group C1. Eleven, eight, five and three groups of C. jejuni were found at 21, 28, 42, and 56 days after hatching, respectively. In 7 samples taken at ages of 21, 42, and 56 days, different groups were detected in each sample.
The chicken intestinal environment is complex, with many factors involved. The effect of such conditions on colonization of C. jejuni is completely unknown. Normally C. jejuni colonizes the intestines of chickens in the first week after hatching. Broiler flocks were contaminated with different fla types of C. jejuni or C. coli if the growing cycle was different even on the same farm [5] . Another report [12] using PFGE typing showed that multiple genotypes of 
* According to the previous paper (Datta et al., 2003) . ** Presence of strain % ( No. of positive strains/total strains).
C. jejuni were present in a commercial broiler flock during rearing. In our experiment, at least 12 groups of C. jejuni were observed in one poultry farm and the variation of C. jejuni groups in chickens decreased as they grew older. Multiple C. jejuni genotypes were present in the gastrointestinal tracts of individual chickens [12] . In this study, different groups of genotype were detected from 73 samples taken at ages of 21, 42 and 56 days. Out of 70 flocks, 7% were contaminated with both C. coli and C. jejuni [4] . In this study, C. jejuni and C. coli colonized the same chicken simultaneously.
The pldA gene might be one of the important factors for colonization of C. jejuni in the intestine of chickens [23] . Three groups of C. jejuni in chickens at 56 days of age carried the pldA gene, and the presence of the pldA gene in C. jejuni isolates from chickens increased from 88 to 100% with age. Although four groups, C2, C4, D1 and D4, carrying the pldA gene, they were not detected at 56 days of age. These data suggested that colonization of C. jejuni in the intestine may require factors other than the pldA gene. In the epidemiology of C. jejuni on chicken farms, it is interesting that variations of C. jejuni groups based on the presence of 11 virulence-associated genes decreased as the chickens became older.
In conclusion, our data suggest that various groups of Campylobacter possessing of 11 virulence-associated genes invades early in the life of chickens in chicken houses and only one or a few groups of C. jejuni became predominant as the chickens grows older.
